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SPECIFICATION 

1. TITLE OF THE INVENTION 

METHOD FOR PRODUCING FINE METAL CARBIDE POWDER 

2. CLAIMS 

A method for producing a fine metal carbide powder, which 
comprises bringing a sprayed aqueous solution containing a metal 
salt and carbon dispersed therein in a colloidal state, and a 
heated gaseous organic material into heat exchanging contact with 
each other, so as to have a homogeneous fine powder mixture 
composed of said metal salt and said carbon to precipitate, and 



heating said fine powder mixture to a low temperature in vacuum 
or in a reducing atmosphere, thereby to produce a fine metal 
carbide powder. 

3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a method for producing a 
fine metal carbide powder . 

When a cutting tool or the like is produced by a powder 
metallurgical process using a carbide powder of metal such as W, 
Ti, Cr, Mo or Ta in the prior art, the metal carbide powder is 
used in a high amount in the raw material so that the cutting tool 
has high strength and high hardness. While the cutting tool is 
produced by molding the powder of metal carbide and sintering the 
preform, it is desired to use a fine powder that has high activity 
and good sintering characteristic as the raw material powder. 
However, it is not easy to produce a fine metal carbide powder 
having particle size of 1 11 or less. For example, a WC powder 
is produced by mixing a W powder and carbon black or graphite and 
heating the mixture at a temperature from 1400 to 1500°C for two 
to three hours. The WC powder produced in such a process, even 
after being ground with a ball mill, has a particle size of about 
1 to 3 ii . Moreover, it is difficult to obtain a homogeneous WC 
powder because of unevenness in the mixing process . Metal carbide 
powders such as TiC, TaC and Cr 3 C 2 are also produced similarly 
by mixing powder of Ti0 2 , Ta 2 0 3 and Cr 2 0 3 with carbon, and heating 
the mixture to a high temperature from 2100 to 2300 °C in vacuum 



so that the powder undergoes carbonizing reaction. In this 
process, since the carbonizing reaction occurs at a high 
temperature as described above, sintering occurs between the 
powder particles during the carbonizing reaction and therefore 
the TiC, TaC and Cr 3 0 2 powders thus produced have even larger 
particle sizes than that of the WC powder mentioned previously. 
Thus fine metal carbide powder cannot be produced conveniently 
at a low cost with the prior art. 

With the background described above, the present invention 
is intended to provide a method for producing fine metal carbide 
powder wherein metal salt and carbon consisting of fine particles 
of several hundred angstroms are mixed uniformly in a fine state 
of a level of 100 A and subjected to the carbonizing reaction 
at a relatively low temperature, thereby to produce a fine metal 
carbide powder having a particle size of 1 ix or less. 

The present invention will now be described in detail below. 

A first stage of the present invention is to mix a metal 
salt and carbon as the raw materials uniformly. According to the 
present invention, carbon is dispersed in a colloidal state in 
a aqueous solution containing the metal salt, the aqueous solution 
is heated to a high temperature and sprayed into contact with a 
gasified organic material so as to exchange heat, so that a mixed 
solid powder made from the metal salt and carbon precipitates from 
the solution. Since the heat exchange proceeds rapidly, the mixed 
solid powder that precipitates becomes very fine and has the 



carbon distributed uniformly therein. 

Specific forms of the mixing process will be described below 
with reference to the accompanying drawing. 

A liquid organic material is sent by a pump 2 from a liquid 
organic material tank 1 into a heater 3 where the organic material 
is heated and gasified. The gasified organic material of a high 
temperature is sprayed upward in a reactor vessel 4 from a number 
of small nozzles 5 opening on the upper side of a pipe 6, that 
is inserted horizontally into the reactor vessel 4 substantially 
at the center thereof and is connected to the heater 3, so as to 
heat the inside of the reactor vessel 4. When the reactor vessel 
4 has been heated to a predetermined temperature, the aqueous 
solution containing the metal salt with carbon dispersed in a 
colloidal state therein is sprayed into the reaction vessel 4 
through a nozzle 7 that is inserted into the reactor vessel 4 
vertically at the center of the bottom thereof with the distal 
end of the nozzle being disposed substantially at the same level 
as the horizontally inserted pipe 6. Droplets generated by 
spraying, because of small size, deprive the high-temperature 
organic material of heat instantaneously so that water of the 
solution of the raw material evaporates leaving a fine powder 
mixture of metal salt and carbon precipitated from the solution. 
The organic material gas introduced into the reaction vessel 4 
through the number of small nozzles 5 that open on the upper side 
of the pipe 6 is deprived of heat through heat exchange with the 



sprayed aqueous solution of the raw material, so that a part 
thereof is liquefied and discharged together with the powder 
mixture that has precipitated, through a discharge port 8 provided 
at the bottom of the reactor vessel 4. In this case, since the 
powder mixture is in dispersed state 10 in the liquid organic 
material, coagulation of the powder particles mentioned 
previously does not occur, so that the powder mixture retains the 
small particle size. Evaporated water is discharged together 
with the remainder of the gaseous organic material that has not 
liquefied, through a discharge port 9 provided in an upper portion 
of the reactor vessel 4. 

The organic material introduced into the reaction vessel 
may be any proper material having a boiling point at 100°C or higher, 
so that the aqueous solution of the raw material can be evaporated. 
In practice, however, only a small portion of the aqueous solution 
can be processed when temperature of the organic material is low, 
while complete contact between the organic material and the 
aqueous solution cannot be achieved when the temperature is too 
high. Therefore, the contact reaction is preferably caused to 
take place at a temperature usually in a range from 150 to 350 °C. 

The organic materials that can be used in the present 
invention include, for example, kerosene and light oil that are 
fractions of petroleum, biphenyl chloride and silicone oil of high 
polymer and edible oil. 

The metal salt contained in the aqueous solution is 



preferably one that decomposes at a relatively low temperature, 
and does not generate much corrosive gas. When fine powder of 
Ti carbide is produced, for example, titanium chloride, titanium 
sulfate, titanium glycerol or the like may be used as the metal 
salt. When fine powder of W carbide is produced, ammonium 
tungstate, tungstic acid or the like is preferably used as the 
metal salt. In the case of Cr carbide, chromium acetate, chromium 
sulfate or the like may be used and, in the case of Mo carbide, 
ammonium molybdate or the like may be used effectively as the metal 
salt . 

The metal salts described above are soluble in water. The 
aqueous solution of the raw materials is prepared by dissolving 
a predetermined quantity of the metal salt in water and adding 
a predetermined quantity of carbon that forms a colloid. Since 
the colloidal carbon has a very small particle size of 20 to 50 
A, it is completely dispersed in the aqueous solution. As a result, 
the solid powder mixture consisting of carbon and the metal salt, 
that has precipitated from the aqueous solution of the raw 
materials prepared as described above, is uniformly mixed and has 
particle size of several hundred A. 

A second stage of the present invention is to have the solid 
powder mixture thus generated undergo carbonizing reaction. The 
carbonizing reaction is caused to take place in vacuum or in 
hydrogen atmosphere. Since the solid powder mixture obtained in 
the first stage consists of the metal salt and carbon of fine 



particles being mixed, the carbonizing reaction proceeds at a high 
rate and is able to complete at a low temperature. When WC is 
produced, for example, carbonizing reaction is observed to start 
at 700°C, and carbonizing reaction proceeds at 1000°C in the 
production of TiC. In the carbonizing reaction that proceeds at 
such a low temperature, fusing or sintering of the powder 
particles does not occur and therefore carbide powder having 
particle size of 1 ju or less can be obtained without grinding. 

Now the present invention will be described below by way 
of examples. 
Example 1 

The aqueous solution of ammonium tungstate containing 40.0 
g of W per 1 liter was prepared. A fine carbon powder was added 
to the solution in an amount of 2 . 61 g per 1 liter so as to disperse 
in a colloidal state, thus preparing the aqueous solution of raw 
material. On the other hand, gas oil was heated to 320°C in the 
heater so as to evaporate and was introduced into the reaction 
vessel. After the reaction vessel was heated by the gaseous gas 
oil, the aqueous solution of raw material was sprayed into the 
reaction vessel while spraying the gaseous gas oil so that both 
sprayed liquids make contact with each other and exchange heat, 
thereby precipitating fine solid powder mixture. Reaction 
temperature was kept at 250°C in steady state . As the solid powder 
mixture thus generated was dispersed in the liquefied gas oil and 
accumulated at the bottom of the reaction vessel, the gas oil 



containing the powder was taken out of the reaction vessel through 
the discharge port provided at the bottom thereof, and was 
centrifuged so as to separate and recover the powder. The 
recovered powder mixture was washed in hexane and dried in vacuum 
at 200°C. Particle size of the powder mixture thus obtained was 
from 0.01 to 0.03 \x . 

The powder mixture was then heated to 900 °C in vacuum of 
10~ 6 mmHg for two hours so as to carbonize. 

The powder produced by the carbonizing reaction was WC 
powder having particle size from 0.1 to 0.3 jll . 
Example 2 

The aqueous solution of chromium acetate containing 769 g 
of chromium acetate per 1 liter (Cr content 50 . 0 g/1) was prepared. 
Carbon was disperse in a colloidal state in this solution. The 
solution was sprayed into the reaction vessel so as to precipitate 
a solid powder mixture, similarly to Example 1 . Kerosene was used 
as the gaseous organic material for heating, and reaction 
temperature was kept at 230°C. After processing the solid powder 
mixture similarly to Example 1, the powder mixture was heated to 
1400 °C in vacuum of 10~ 6 mmHg for two hours so as to undergo 
carbonizing reaction. The powder produced by this process was 

Cr 3 C 2 powder having particle size from 0.3 to 0.6 jn . 
Example 3 

Carbon was added in amount of 5.01 g per 1 liter of titanium 
glycerolate. solution containing Ti in a concentration of 20 . 0 g/1, 



so that carbon was dispersed in the solution in a colloidal state, 
and was caused to undergo a reaction similar to that of Example 
1. After the precipitated powder mixture thus obtained was 
processed similarly to Example 1, the powder mixture was heated 
to 1300 °C in hydrogen atmosphere for two hours so as to undergo 
carbonizing reaction. The powder produced by this process was 
TiC having particle size from 0.3 to 0.5 ii . 

According to the present invention, as described above, 
effects of high industrial usefulness such as capability of 
producing the fine metal carbide powder at a low cost with very 
simple operations can be achieved. 
4. BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawing is a schematic diagram showing an 
embodiment for forming a fine powder mixture composed of a metal 
salt and carbon. 

In the drawing, reference numerals denote the components 
as follows. 

1: Liquid organic material tank 
2 : Pump 
3: Heater 

4: Reaction vessel 

5: Small nozzles for spraying gaseous organic material 

6: Gaseous organic material introducing pipe 

7: Pipe for spraying aqueous solution of raw material 

8: Discharge port located at the bottom of reactor vessel 



9: Discharge port located at the top of reactor vessel 

10 : Liquid organic material wherein a precipitated powder mixture 

is dispersed. 

5. LIST OF ATTACHED DOCUMENTS 

Specification one copy 

Drawings one copy 

Power of Attorney one copy 

Duplicate of Petition one copy 
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